Introduction {#sec1-1}
============

Parkinson\'s disease (PD) is a neurodegenerative disorder, the exact pathophysiology of which still eludes the scientific mind. Factors like genetic predisposition, environmental toxins, oxidative stress or an amalgamation of these are usually implicated.\[[@ref1]\] To further complicate the situation, the symptoms are varied. Conventional drug therapies like levodopa, address only the motor symptoms. The cognitive and psychiatric manifestations that cripple the patient and affect the quality of life of the patient adversely are not altered by any of the currently used drugs for PD.\[[@ref2][@ref3]\] Relief with levodopa itself comes at the price of disabling dyskinesia and worsening of symptoms after a few years. The other commonly used drugs for PD are dopaminergic agonists and catechol-O-methyl transferase (COMT) inhibitors. Dopaminergic agonists like ropinirole and pramipexole, though better tolerated than the earlier drugs in this group, have been associated with sudden sleep attacks and impulse control disorders.\[[@ref3][@ref4]\] In order to overcome the limitations of the currently used drugs and to provide a better quality of life for the patients, various treatment modalities with varied mechanisms of action are being tried in the treatment of PD.

Zonisamide is an antiepileptic drug that was discovered in Japan. The antiepileptic action of zonisamide was first attributed to its Na^+^ channel blocking activity.\[[@ref5]\] In due course of time, other facets of its pharmacological actions were discovered. It was found to reduce the transient inward T-type calcium current (Suzuki 1992), enhance GABA mediated neuronal inhibition (Ueda 2003) and reduce glutamate release (Okada 1998).\[[@ref6][@ref7][@ref8]\] A biphasic, dose dependent effect of zonisamide on serotonin and dopamine release was found by various authors (Okada 1995;Okada 1999; Kawata 1999).\[[@ref9][@ref10][@ref11]\] It has been approved in Japan for use as an anti-Parkinson\'s disease agent in 2009.\[[@ref12]\] The present review has been written with the intention of weighing the clinical and experimental evidence systematically for the use of zonisamide in PD.

 {#sec2-1}

### Research Question {#sec3-1}

What is the clinical evidence for the use of zonisamide in PD in terms of relief of motor symptoms and non-motor symptoms?What is the suggested mechanism of action in PD from various experimental studies carried out?

### Search Strategy {#sec3-2}

A search protocol was designed with predefined inclusion and exclusion criteria for the references or studies that were found. The following databases were searched.

PubmedOvid medlineCochraneclinicaltrials.gov

### Inclusion Criteria {#sec3-3}

The search was limited to studies dating from year 2001 onwards. Randomized clinical trials (RCTs), open trials, observational studies, case reports and animal experiments demonstrating the mechanism of action of zonisamide in PD were included in the search.

### Exclusion Criteria {#sec3-4}

All references pertaining to uses of zonisamide other than in PD were excluded. Studies pertaining to the use of zonisamide in the treatment of benign essential tremor not related to PD were also excluded. The search was conducted in the databases mentioned above and results were sorted into animal and clinical studies. The references found from these studies were also searched. The data on clinical studies thus generated was fed into a pre-designed format. The format is provided in the form of [Table 1](#T1){ref-type="table"}. The animal studies retrieved were used to arrive at the various mechanisms of action attributed to zonisamide in the treatment of PD.

###### 

The standard format used to extract information from the clinical trials of Zonisamide in PD

![](IJPharm-45-547-g001)

There were no Cochrane reviews on the use of zonisamide in PD. There was one RCT of zonisamide in PD registered with clinicaltrials.gov (NCT01766128), which was yet to start, hence not included.

### Clinical Evidence {#sec3-5}

Most of the clinical trials in PD rest on the grading or staging provided by rating tools or scales. Unified Parkinson\'s Disease Rating Scale (UPDRS) is the most widely and universally used rating tool.\[[@ref13]\] It has four domains, (I, II, III and IV), each designed to grade a different aspect of PD. Part I deals with mentation, behaviour and mood. Part II assesses the 'activities of daily living' for both the 'on time' as well as the 'off time'. Part III deals with motor examination, whereas part IV addresses complications of therapy. UPDRS may be used along with other scales like the Hoehn and Yahr and the Modified Hoehn and Yahr, that grade the disability due to PD into stages from 0 to 5.\[[@ref14]\] The clinical studies retrieved that satisfied the inclusion criteria of our study have been summarized in [Table 2](#T2){ref-type="table"}.

###### 

A summary of the clinical trials retrieved for use of zonisamide in PD

![](IJPharm-45-547-g002)

It was discovered in Japan in 2001, that when a 58 year old male patient who had both intractable epilepsy and PD was administered 300 mg of zonisamide, both the epilepsy and the PD came under control.\[[@ref15]\] Based on this case report by Murata *et al*., an open trial was designed with 10 patients (eight men and two women) of PD.\[[@ref15]\] Although the text in this particular article mentions nine patients, the observations are recorded for 10 patients. Hence, we have reported the number as ten. The average patient age was 57 years and the average duration of illness was 9.7 years. All the patients, except two, reported motor fluctuations. Those two patients showed a poor response to levodopa and had a positive family history. Zonisamide was added to the existing therapies in all these patients, in a dose of 50-200 mg/per day. The treatment was assessed using the UPDRS and Hoehn-Yahr stage and the 'off time' per day at the end of 12 weeks. The 'off time' per day was assessed on the basis of patient kept diaries. The UPDRS part II (assesses activities of daily living) of 'off time' improved (*P* \< 0.001). The UPDRS part III (assesses motor symptoms) also improved significantly (*P* \< 0.01). The Yahr stage 'off time' as well as the duration of 'off time' improved significantly (*P* \< 0.001 and 0.001 respectively). These effects were seen within 3-7 days and the authors claim that although the study lasted only 12 weeks, the benefit has been maintained for one year. The changes in the UPDRS part I (deals with mentation, behaviour and mood) and the changes in UPDRS part IV (complications of therapy) have not been mentioned. It was a non comparative open trial. The patients had not been randomized to receive different doses. As a result, five of the patients were on 100 mg, two on 50 mg, two on 200 mg and one on 300 mg of zonisamide. It was also observed that the two patients who had shown poor response to levodopa showed poor response to zonisamide as well.\[[@ref15]\]

Another open non comparison clinical trial, also in nine patients, was carried out by Nakanishi *et al*.\[[@ref16]\] These patients were well controlled on standard anti PD medication but had unacceptable tremors at rest that interfered with daily activity. Zonisamide up to 100 mg per day reduced the tremors in seven patients. (Article in Japanese, only abstract available in English). Since we were unable to get the translation and the details of this article; it has not been included in the tabulated summary.

Murata *et al*., published the results of another clinical trial on zonisamide in PD carried out by the Japan Zonisamide Study Group.\[[@ref17]\] This study has been published as a conference abstract. The study was a 23 centre, randomized, double blind, placebo controlled study. Patients experiencing 'wearing off' while on levodopa and peripheral decarboxylase inhibitor combination were included in this study. The study was of 10 weeks duration (8 weeks treatment and 2 weeks for dose reduction) excluding the 2 week run in period. The patients were randomized into 4 groups. The groups were: Zonisamide 50 mg, 100 mg, 200 mg and the placebo group. Concomitant medication for PD was kept constant. A total of 136 patients were randomized into these 4 groups out of which, 115 (84.5%) completed the study. Mean age of the patients was 62.9 and the mean duration of PD was 10 years. The sex of the patients was not specified. UPDRS was used to assess the response of the patients. There was significant improvement in the UPDRS part III (assesses motor symptoms) in the 50 mg group (*P* = 0.002). The responder rates for UPDRS part II (off time) were 53.6% (50 mg), 37.0% (100 mg), 34.8% (200 mg), 10.0% (placebo) and those for UPDRS part III were 60.7% (50 mg), 51.9% (100 mg), 65.2% (200 mg), 30.0% (placebo), respectively.

A multicentric, randomized, double blind, parallel treatment, placebo controlled trial was carried out by Murata *et al* in patients with PD in Japan.\[[@ref18]\] This study was published in 2007. The trial included patients of PD, who showed inadequate response to levodopa. All patients received placebo for two weeks and then were randomized to receive 12 weeks of therapy with either zonisamide (25, 50 or 100 mg/day) or placebo. As a result, there were 4 parallel groups in this study. The placebo or zonisamide were used in addition to a background medication of levodopa. Fifty eight institutions in Japan recruited participants into this study. A total of 347 patients had been randomized into the study and 279 patients (80.4%) completed the study. The Intention To Treat (ITT) population consisted of 330 patients (95.1%). The ITT numbers were used for the safety assessment. The Full Analysis Set (FAS) consisted of 326 patients (181 men and 145 women, mean age 65 years) and was used for efficacy estimation. The mean duration of the disease was 8.6 years. Of the FAS (326 patients), 47 patients discontinued therapy prematurely. Twenty one of the 47 patients who discontinued therapy belonged to the 100 mg group. The treatment was followed by a 2 week dose reduction period. The duration of the study was 12 weeks, excluding the run in period and a dose reduction period. The primary endpoints selected were based on the UPDRS (Unified Parkinson\'s Disease Rating Scale). Change in the UPDRS part III score was taken as a primary endpoint. The responders were defined as \>/ = 30% reduction in UPDRS part III. Significant improvement was observed on primary endpoints with 25 mg (*P* = 0.001) and 50 mg (*P* = 0.003) doses in comparison to the placebo group. The change was not significant with 100 mg dose (*P* = 0.066). Secondary endpoints were UPDRS I, II and IV and Modified Hoehn and Yahr score. No difference was observed in secondary endpoints. The duration of the 'off time' reduced significantly in 50 mg (*P* = 0.014) and 100 mg (*P* = 0.013) groups in comparison to placebo. The duration in the 'off time ' was not significant in the 25 mg group (*P* = 0.0997) Adverse effects were highest in the 100 mg group and mainly consisted of drowsiness, weight loss, apathy and constipation. The main differences of this RCT from that conducted by the same authors earlier (Murata 2004) are; a larger sample size, longer duration of study and the inclusion of a 25 mg dose group instead of the 200 mg group.

Another single group, open, non-comparison study was undertaken in Spain on 15 patients.\[[@ref19]\] The PD patients on levodopa and/or dopamine agonists with Impulse Control Disorders (ICD) were included in this study. These were the patients who did not respond to a reduction in the dose of levodopa and/or dopamine agonists. ICD\'s have been recognized as a known complication of dopaminergic therapy in PD patients and can disrupt the life of the patient and their families.\[[@ref20][@ref21]\] Fifteen patients (nine men and six women) at an average age of 62.1 years were included in the study. All these patients had been diagnosed with PD at least 3 years prior to the emergence of the ICDs. Five men had hypersexuality, 3 suffered from pathological gambling and one had compulsive shopping. Amongst the women, 4 had compulsive shopping, one had compulsive eating and one had compulsive shopping and eating. None of these patients had exhibited this behaviour before they developed PD. The compulsive behaviour had been present for at least one year in the patients. A dose of 25 mg titrated to 200 mg per day of zonisamide was used, as tolerated by the patients. The treatment was continued for at least 120 days, with the patients being on the maximum dosage for at least 60 days. There were no dosage adjustments made in the levodopa, carbidopa, rasagiline or the dopamine agonists that the patient was already having. Barratt Impulsiveness Scale for ICD, Clinical Global Impression for ICD and UPDRS for motor impairment were used to grade the response. Barratt\'s Impulsiveness Scale is a widely accepted scale to predict ICD in patients.\[[@ref22]\] According to the authors, marked reduction in severity of impulsive behaviour (mean change from baseline-5.8) and global impulsiveness (mean change from baseline-4.8) was observed. The average UPDRS motor score changed only marginally from 25.8 to 24.9. There are no statistical tests mentioned and as the authors mention in their discussion, the sample size was very small. The dose of zonisamide used in this setting was much higher than that used in the trials discussed earlier. The earlier clinical trials by Murata *et al*., used changes in motor impairment as the primary endpoint whereas Bermejo *et al*., in their study used changes in ICD as a primary endpoint.

Most of the studies with zonisamide in PD have used the UPDRS part III (motor system examination) as the primary endpoint and it is this domain that shows a marked improvement in all but one of the studies. The one exception is the study by Bermejo *et al*., in which UPDRS motor score has been used as a secondary endpoint and there was only a marginal change in this, as mentioned earlier. The Movement Disorder Society (MDS) has published an evidence based review on the treatment of motor symptoms of PD in 2011.\[[@ref23]\] Along with the other therapies for PD, zonisamide was also reviewed. The RCT by Murata *et al*., (2007) was given a quality score of 85% on the basis of which it was concluded that "Zonisamide is effective as a symptomatic adjunct to levodopa, with the practice implication that it is clinically useful." Further, it was also concluded that use of zonisamide in PD for any other indication (apart from the use with levodopa for the control of motor symptoms) is investigational.\[[@ref23]\] Since there has been only one open, randomized clinical trial with only 15 patients to assess the use of zonisamide in ICD in PD, more robust evidence is needed to make any claims in this issue.

Hence, zonisamide may be used in patients of PD as add on therapy in those who have insufficient response to standard therapy for the control of motor symptoms. There are no studies that assess the effect of zonisamide on the cognitive symptoms of PD. The doses showing most significant results seem to be in the range of 25-50 mg, lesser than that used for epilepsy.\[[@ref15][@ref17][@ref18]\] In fact, the benefit seems to be lesser in doses higher than 50 mg and the adverse effects are more. However, keeping in mind the fact that most of the studies have been conducted in the Japanese population, it would be advisable to have more high quality RCTs in various ethnic populations with predefined endpoints before the results can be generalized.

### Experimental Evidence {#sec3-6}

Before discussing the various mechanisms of action of zonisamide in PD, we would like to briefly mention the animal models used to study PD. Loss of dopaminergic neurons in the nigrostriatal pathway has been long held responsible for the symptoms of PD. Misfolding and abnormal aggregation of proteins, oxidative stress, mitochondrial dysfunction and gene mutation are the newer hypotheses that have been put forth to explain the neuropathology of PD.\[[@ref24]\] Animal models of PD, though not replicating the exact pathophysiology of PD in humans are nevertheless useful for screening drugs that can prove useful in PD. Animal models of PD are broadly speaking those induced by neurotoxins (environmental or synthetic) or genetic models.\[[@ref25][@ref26]\] The various neurotoxins used are:1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP), 6-hydroxydopamine (6-OHDA), rotenone and paraquat. These neurotoxins induce selective death of dopaminergic neurons in rodents and primates. The discovery of the PD genes has led to the development and use of genetic models of PD, based on defects/mutations in a-synuclein, Parkin, LRRK2, PINK1 and DJ-1 genes. The genetically modified animals are more susceptible to the toxins mentioned above and many a time, these models are combined. Rodent and non human primate models are used mainly. The use of primates though physiologically similar to humans, is wrought with ethical and cost constraints and as a result, most studies are done in rodents.\[[@ref27]\] Apart from whole animal models, *in vitro* and *ex vivo* studies involving the use of brain slices, various cell lines and immunohistochemistry techniques have also been used.\[[@ref28][@ref29][@ref30]\] Tyrosine hydroxylase (TH) is a rate limiting enzyme in the synthesis of DA. Antibodies to TH are used widely in immunocytochemistry to identify dopaminergic neurons.\[[@ref31]\] Many of the studies have used TH identification of dopaminergic neurons to assess the effect of drugs in various models of PD.

Based on its pharmacological profile, many hypotheses have been put forth to explain the mechanism of action of zonisamide in Parkinson\'s disease. These have been tested in various experimental settings and are summarized in [Table 3](#T3){ref-type="table"}. Only the studies dating from 2001 onwards have been summarized, since the research into the use of zonisamide in PD started. A schematic diagram illustrating the mechanisms of action of zonisamide in PD has been provided in [Figure 1](#F1){ref-type="fig"}.

###### 

A summary of the animal studies demonstrating the different mechanisms of action of zonisamide in PD

![](IJPharm-45-547-g003)

![Mechanisms suggested in various studies, explaining the therapeutic effect of zonisamide in Parkinson\'s disease. X signifies inhibition of a process by zonisamide and √ signifies stimulation](IJPharm-45-547-g004){#F1}

### Zonisamide and oxidative stress {#sec3-7}

Oxidative stress has been linked to the pathogenesis of PD since long time, especially in sporadic PD.\[[@ref32]\] The toxic quinones generated by DA metabolism have been implicated in the pathogenesis of PD. Furthermore, quinones have been linked to mitochondrial complex I impairment, inactivation of TH and resultant oxidative stress.\[[@ref32]\] Impairment of mitochondrial complex I has been implicated as a major factor in pathogenesis of PD.\[[@ref33]\] Asanuma *et al* (2008) tested zonisamide in an *in vitro* setting as well as in CATH.a cell cultures.\[[@ref34]\] They reported that a 5 day treatment with zonisamide prevented quinone formation induced by free cytosolic DA and also increased the DA/ DOPA chromes.

In another study, by Asanuma *et al*., (2010), 6-OHDA hemiparkinsonian mice brain and cultured neurons were used to the study the effect of zonisamide.\[[@ref35]\] It was observed that zonisamide increased the cell number and caused proliferation of astroglial C6 cells and also increased their glutathione content. In addition to these findings, an increase in astroglial cysteine transport was seen. An increased astroglial cysteine transport and increased glutathione content are considered as neuroprotective. In keeping with the results of their earlier studies, zonisamide was found to inhibit DA quinone formation induced by levodopa. The authors conclude that these effects of astroglial proliferation were mediated via S100β secretion. S100β is a protein that is secreted by the astrocyes and it mediates communication between the glial cells and the neurons.

The fact that zonisamide works as a neuroprotectant against MPTP induced dopaminergic neuronal degeneration and that this effect is mediated *via* an increase in S100β secreting astrocytes has also been discussed by Choudhary *et al* (2011).\[[@ref36]\] They studied the effects of zonisamide in MPTP toxicity in mice. It was noted that treatment of mice with MPTP and zonisamide protected against the effect of MPTP toxicity one week after treatment.

Low doses of zonisamide have also been seen to protect against mitochondrial impairment.\[[@ref37]\] In a study by Costa *et al*, the effects of zonisamide on the mitochondrial complexes was assessed by using rat corticostriatal slices. The rat corticostriatal slices were subjected to rotenone (mitochondrial complex I inhibitor) and 3-nitropropionic acid (mitochondrial complex II inhibitor). The investigators found that zonisamide protected against rotenone induced toxicity but did not protect against 3-nitropropionic induced toxicity. The authors concluded that zonisamide protects against mitochondrial complex I inhibition and this could be one of the mechanisms of its effectiveness in PD.

A few studies also report an increase in the Mn Superoxide Dismutase levels that point to an antioxidant property of zonisamide.\[[@ref38][@ref39]\]

### Zonisamide and Microglial Activation {#sec3-8}

Microglia have been designated as the cells involved in the immune surveillance of the brain. Activation of the microglia has been seen in response to nigral cell death in PD and microglial activation and dopaminergic cell loss is seen in midbrain of early PD patients.\[[@ref40]\] Furthermore, the microglial activation leads to the release of pro-inflammatory cytokines and neurotoxic substances, which can cause a vicious cycle of microglial activation and neuronal death.\[[@ref41]\] It has been observed in a study by Yokoyama *et al*., that zonisamide causes an inhibition of microglial activation and hence may slow the progression of the disease.\[[@ref42]\] They investigated the effect of zonisamide on MPTP induced neurotoxicity in mice. The study concluded that zonisamide prevented the depletion of TH and prevents the proliferation of microglia in the striatum and substantia nigra.

### Zonisamide and Increased DA Synthesis and Release {#sec3-9}

Tyrosine hydroxylase, the rate limiting enzyme in DA synthesis, is one of the proteins inactivated by catechol quinones, as mentioned above.\[[@ref32]\] Zonisamide has been shown to increase the DA synthesis by increasing the tyrosine hydroxylase activity in the striatum.\[[@ref42][@ref43]\] In the study by Gluck *et al*, zonisamide was tested in a cerebral microdialysis system in 6OHDA nigrotomized rats. DA and dopaminergic metabolites were increased when zonisamide was administered with levodopa and carbidopa.\[[@ref44]\] Increase in TH content and an increase in DA turnover has also been documented with several other studies (Yokoyama 2010, Kubo 2008; Yabe 2009;Yamamura 2009;).\[[@ref42][@ref45][@ref46][@ref47]\] Murakami *et al*., had demonstrated in a study in 2001 that zonisamide has a biphasic, concentration dependent effect on the exocytosis of dopamine.\[[@ref48]\] However, the dose at which this effect was seen was equivalent to antiepileptic doses of zonismaide and increasing the dose beyond that inhibits the release of dopamine. The authors have not correlated these effects to the use of the drug in PD. How this increased release of DA fits into the profile of zonisamide as a neuroprotective drug, is somewhat unclear, since dopamine itself can be a source of oxidative damage (as discussed above).

### Zonisamide and Monoamine Oxidase -B (MAO-B) Inhibition {#sec3-10}

In their publication dated 2010, Sonsalla and colleagues demonstrated that zonisamide is a reversible inhibitor of MAO-B and this may be its mechanism of action in PD.\[[@ref49]\] In their study they used MPTP model of PD in mice and measured the levels of dopamine, DOPAC, TH, glutathione and activity of MAO-A and MAO-B in presence and absence of zonisamide and selegiline. The result showed that zonisamide did not alter dopamine, DOPAC, TH or glutathione levels. This is in contrast to the earlier studies that revealed that zonisamide increases dopamine turnover and TH activity. In fact, in their study on mice and marmosets, Yabe *et al*., found that dopamine turnover increased with zonisamide and that it does not have appreciable MAO-B inhibiting action.\[[@ref46]\] However, there were methodological differences in the two studies. Sonsalla *et al* used Swiss Webster mice and Yabe *et al* used C57BL/6J mice and marmosets. Whereas Sonsalla and colleagues used zonisamide in a dose of 1, 5, 10 and 20 mg/Kg dose, Yabe *et al*., used zonisamide in a dose of 160 mg/Kg. Sonsalla *et al* assayed the MAO-B levels whereas Yabe *et al*., did not. However, a recent publication by Binda *et al* seems to shed some light on the issue.\[[@ref50]\] In this study, the authors have measured the MAO inhibiting activity of zonisamide on human MAO and rat MAO. They have reported that zonisamide does not have any MAO-A inhibiting activity but has MAO-B inhibiting activity. The K~i~ value of zonisamide for human MAO-B was found to be 3.1 ± 0.3 μM whereas that for rat MAO-B was 2.9 ± 0.4μM. The study reveals that zonisamide in a dose of 25 mg/Kg that is used in PD can lead to an effective MAO-B inhibition. But the question remains that in spite of having MAO-B inhibiting activity whether the action contributes to its efficacy in PD.

### Zonisamide and Calcium Channels {#sec3-11}

Another activity that has been ascribed to zonisamde is the blockade of the neuronal calcium channels.\[[@ref6]\] It is not clear, however, which type of calcium channel blockade is involved in the protective role in PD. According to Suzuki *et al*, zonisamide has a T-type calcium channel blocking activity. Other authors have advocated that blockade of L type calcium channels can translate into a neuroprotective effect.\[[@ref51][@ref52]\] In fact, isradipine, an L-type of calcium channel blocker (CCB), is in Phase II clinical trials for use in PD.\[[@ref53]\] It has been suggested, that if mitochondrial complex I gets inhibited, then the generation of mitochondrial ATP\'s goes down, leading to neuronal depolarization and Ca2+ mediated excitotoxicity via the NMDA receptors. It has been shown that a special L-type of calcium channel is present in the substantia nigra pars compacta (SNpc) DA neurons, that remains open for a longer time, thus requiring a higher ATP usage to keep the cytosolic Ca^2+^ level under control.\[[@ref54]\] Even though this explains the selective vulnerability of SNpc DA neurons to oxidative stress, the role of T-type Ca^2+^ channels in the pathogenesis of PD and the role of zonisamide in this context remains elusive.

Recent research on the mechanism of action of zonisamide in PD is revolving around the modification of the action of caspase-3 (a protease involved in apoptosis) and growth factors like the mesencephalic astrocyte-derived neurotrophic factor (MANF), vascular endothelial growth factor (VGEF).\[[@ref39][@ref55][@ref56]\] A schematic diagram of the suggested mechanisms of action of zonisamide in PD is provided in [Figure 1](#F1){ref-type="fig"}.

### Parkinson\'s Disease in India {#sec3-12}

Muthane *et al* have reviewed the epidemiology of PD in India.\[[@ref57]\] They have reviewed the previous studies done in the various regions of the country and in people of different ethnic origins. The prevalence of PD in the Indian population seems to be lesser than that in the west except in the Parsi community, which has prevalence comparable to that of the Caucasians, thus underlining the contribution of genetics as one of the factors involved. The authors advocate the need for larger studies, considering the public health importance of the disorder. Even though the overall prevalence of PD in India seems lesser than that of the west, the population of PD patients in India has been estimated to be around 7 million (publication dated 2002).\[[@ref58]\] With such a large population demanding treatment for PD, it might be worthwhile investigating a drug that might be of use in the disease.

### Current Status of Zonisamide in PD {#sec3-13}

Zonisamide has been launched in a 25 mg tablet form under the brand name Trerief by Dainippon Sumitomo Pharma in 2009. The PMDA (the Japanese drug regulatory authority) has allowed the marketing of this drug for the treatment of patients of PD who have been treated with other antiparkinson\'s drugs in combination with levodopa but have shown inadequate response. The Movement Disorders Society has labelled zonisamide as being effective as an addition to levodopa for controlling the motor symptoms but with insufficient evidence for its use in any other indication in PD patients. The use of zonisamide in non-motor indications in PD will remain investigational till enough evidence is provided by well designed randomized controlled clinical trials that are powered to study these specific endpoints. Moreover, some issues are still not addressed. There are insufficient studies to demonstrate the value of long term use of zonisamide in PD. It has been observed that the beneficial effects of zonisamide on the wearing-off phenomenon, gradually reduced within about 1.5 years, although a 30% improvement in the URPDS total score was maintained for up to 3 years.\[[@ref59]\] Since, most of the data regarding the use of zonisamide in PD has come from Japan; it would be desirable that the drug be explored further in different populations in order to have a higher level of evidence regarding its various uses in PD.
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